ABSTRACT. Oligoclonal lymphoid proliferations may occur in immunocompromised patients and in the elderly. So far these proliferations have been shown to be of B cell origin. We describe a patient with a combined immunodeficiency, characterized by profound hypogammaglobulinemia and the initial absence of T lymphocytes in the peripheral blood (PB). From the age of 4 yr CD3+ T cells appeared in PB in rising numbers. These cells mainly expressed the CD4-/CD8+ phenotype (CD4/CD8 ratio: 0.1). Despite the emergence of T lymphocytes no proliferation of PB mononuclear cells could be induced with phytohemagglutinin, concanavalin A, or pokeweed mitogen. Between the ages of 4 and 6 yr the patient gradually developed hepatosplenomegaly and an interstitial pulmonary infiltrate of unknown origin, necessitating biopsies of both liver and lung. Infiltrates consisting of CD8+ T lymphocytes were found in the liver as well as the lung. CD8+ T cells were also abundant in the bronchoalveolar lavage fluid. Southern blot analysis of mononuclear cells from PB and of a lung biopsy specimen was performed to investigate if a clonal T cell population was involved. Analysis of the T cell receptor P genes revealed that at least three expanded T cell clones were present in PB, one of which had invaded the lung. Thus far, i.e. 2 yr after the initial detection of clonal T cell receptor P gene rearrangements, there have been no clinical or histologic signs of malignant behavior. We conclude that this combined immunodeficiency patient has a benign oligoclonal T cell lymphoproliferative disorder. Similar proliferations might well occur in other immunodeficiency states, whether primary or acquired. (Pediatr Res 24: 622-627, 1988) 
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In immunodeficient patients the risk of developing cancer, particularly lymphoreticular malignancies, is increased. The majority of the latter consist of B cell NHL (1) (2) (3) . Benign proliferations of one or more B cell clones may also occur in immunodeficiency, as evidenced by the appearance of transient paraproteins or persistent benign monoclonal gammapathies in serum immunoelectrophoresis (4, 5) . Furthermore B cell proliferations may occur in organ transplant recipients, of whom some may develop NHL during continued immunosuppressive treatment (6) . In such patients immunohistochemical staining of pathology specimens indicated that multiple B cell clones (7, 8) were involved.
More recently it has become possible to determine B cell clonality by analysis of Ig gene rearrangements (9, 10) . As with the Ig genes, the genes that code for the variable parts of TcR chains consist of V, D, and J gene segments, which join through rearrangement during T cell differentiation (1 1, 12) . Clonal Ig or TcR gene rearrangements can be detected by Southern blot analysis. Using this technique it has been shown that T cell malignancies, like B cell malignancies, consist of clonal cell populations (12) (13) (14) .
We present a patient with a CID, who developed an abnormal rise of CD8+ T cells in the PB as well as CD8+ T cell infiltrates of lung and liver. Southern blot analysis of DNA from PB MNC and from a lung biopsy specimen revealed the presence of several clonal T cell populations, though clinically there were no signs of malignant disease.
CASE REPORT
The patient, a Caucasian boy, born to healthy, nonconsanguinous parents after an uneventful pregnancy and delivery had been well until 5 months old, when his parents noted that he became less active and started to lose weight. At the age of 6 months he was admitted to hospital with Pneumocystis carinii pneumonia. This finding prompted further investigation. Serum Ig was depressed (IgM: 0.29 g/liter; IgG: 0.68 g/liter; IgA: < 0.5 g/liter), T cells could not be detected in PB using the E rosette test, whereas the percentage of B lymphocytes was normal. The PB MNC failed to proliferate on stimulation with PHA, Con A, or PWM. Erythrocyte levels of adenosine deaminase and purine nucleoside phosphorylase were normal as were neutrophil function assays and determinations of the complement components C3 and C4. No thymic shadow could be identified on chest xrays. There had been no similarly affected children among blood relatives. The pneumonia was successfully treated with trimethoprim. Ig supplementation was achieved with plasma infusions and later with intravenous y-globulin. At the age of 7 months he developed extensive candidiasis of the skin and mucous membranes that responded favorably to local antimycotic treatment.
Until the age of 4 he enjoyed fair health and was growing well, despite inadequate Ig production. From then on he suffered many episodes of maxillary sinusitis, otitis media, and mastoiditis requiring antibiotic treatment and repeated surgical interventions. Bacterial cultures from these sites yielded Haemophilus influenzae twice and Pseudomonas species on several occasions.
He developed exertional dyspnea, which steadily worsened over the years, punctuated by acute bronchopulmonary infections caused by the same bacteria, although on one occasion parainfluenza virus type 3 was cultured from the sputum. Repeated chest x-rays showed increasing density of the right middle and lower lobes for which no infectious cause could be identified despite repeated microbiologic investigations of sputum, BAL, and a transbronchial biopsy specimen. A slowly progressive hepatosplenomegaly was also noted from the age of 4 yr on. Examination at the age of 6 revealed a short statured, anemic, dyspneic boy, height 105.5 cm (<3rd centile for age), weight 17.8kg (k90th centile for height), respiratory rate at rest 50/min. Over the right lower lung field breath sounds were diminished. The liver extended 5 cm, the spleen 2.5 cm below the costal margin. The Hb was 6. His respiratory symptoms improved spontaneously, although chest x-rays showed little change. In the mean time chronic diarrhea developed, caused by Giardia lamblia. Treatment with metronidazole was followed by reduction of diarrhea.
In Figure 2A the WBC count and the course of the patients' illness are summarized from the onset with P. carinii pneumonia at the age of 6 months. Figure 2 illustrates the striking absence of symptoms between the ages of 2 and 4 yr, followed by frequent sinopulmonary infections.
At present the boy is 8 yr old. His physical condition has remained stable over the recent years despite frequent sinopulmonary infections, compromised growth, and poor exercise tolerance (pulmonary function tests: forced vital capacity 5 l % and 1-s forced expiratory volume 64% of normal). Psychomotor development has been normal.
In the recent past additional tests have been performed in an attempt to characterize the nature of his immunodeficiency. The data from immunologic marker analysis of the nucleated cells in PB, BM and BAL will be described in "Results. to repeated diphteria/pertussis/poliomyelytis vaccination or the documented parainfluenza infection no specific antibody formation was detected. Although the patient had blood group A, isoagglutinins against blood group B could not be detected.
MATERIALS AND METHODS
Cell samples. MNC were isolated from PB and BM samples by Ficoll-Paque (density 1.077 g/cm3; Pharmacia, Uppsala, Sweden) density centrifugation. BAL was performed under general anesthesia. The cells in the recovered fluid were used for analysis. All washings were performed in phosphate-buffered saline containing 0.5% bovine serum albumin, pH 7.8.
Immunologic marker analysis. The MNC from BM and PB, as well as the cells from the BAL fluid were analyzed for the expression of the HLA-DR antigen, the T cell markers CD3 (Leu-4), CD4 (Leu-3), CD5 (Leu-1), CD8 (Leu-2) (in initial studies the T cell antigen CD2 was detected by use of the E rosette test), the B cell antigens CD 10 (VIL-A l), CD20 (B l), and the myelomonocytic antigens CD 14 (My4), CD15 (VIM-DS), and CD33 (My906). The McAb that were used to detect these markers are indicated in parentheses. In addition Leu-7, a McAb that recognizes a membrane antigen on presumed natural killer cells was used. The immunofluorescence stainings and microscopic evaluation were performed as described (15) . The frequency of positive cells was calculated as a percentage of the total number of cells evaluated. Absolute numbers of PB cells expressing a particular marker were obtained by a recalculation procedure using the WBC count and leucocyte differential count as parameters.
Southern blot analysis. DNA was prepared from MNC of PB and BM and from a frozen open lung biopsy specimen as previously described (1 6). DNA (1 5 pg) was digested with EcoRI (New England Biolabs, Beverly, MA) and the fragments were size separated by electrophoresis in a 0.7% agarose gel (Sigma Chemical Co., St. Louis, MO). DNA was transferred onto Gene Screen Plus nylon membranes (New England Nuclear, Boston, MA) as previously described ( 17) . TcR-@ gene rearrangements were detected by hybridization of the filters with a 32P-labeled nick-translated C@ probe or J82 probe (18) . Hybridization and washing conditions were as described (1 7).
RESULTS
The results of representative immunologic marker analyses of MNC from PB and BM and of cells from BAL fluid are shown in Table 1 . In addition the semiquantitative results of immunoperoxidase stainings of the lung biopsy specimen are summarized in Table 1 . Although immunologic marker analysis initially showed absence of T lymphocytes as determined by the E rosette test, the percentage of CD3+ cells (T lymphocytes) at 5 yr of age was 79% with an abnormally low CD4/CD8 ratio. CD20+ cells (B lymphocytes) were present in normal numbers (zk0.41 x lo9/ liter), with 98% of the CD20+ cells expressing both p-and 6-heavy chains on the surface membrane and only a few cells expressing y-or a-heavy chains, which is normal at this age (19) . In BM samples fewer CD3' cells were found. The CD4/CD8 ratio was again low (Table 1) . Cells in the BAL fluid were predominantly CD8+ T lymphocytes as were the cells infiltrating the open lung biopsy specimen ( Table 1) .
The subsequent rise of T cells in PB was completely accounted for by an increase in CD8+ cells, reaching a maximum of 5.2 x Southern blot analysis of the TcR-PI gene segments using the Cpl probe revealed only nonrearranged (germline) bands in all EcoRI digests, indicating that the TcR-01 genes of any expanded T cell clone were either deleted or had maintained germline configuration (data not shown). Southern blot analysis of the TcR-P2 gene segments using the JP2 probe (Fig. 3) revealed that in addition to the 4.1 kb germline band four strong nongermline bands (7.8, 6.6, 6.0, and 5.0 kb) were present in the case of PB. On longer exposure two weak additional bands were observed. Identical results could be obtained with three other PB samples. Analysis of the lung specimen revealed two rearranged bands, corresponding to the 7.8 and 6.0 kb bands in PB (Fig. 3) . In the case of BM four very weak bands were detected, which corresponded to the four strong bands in PB (data not shown). The observed germline bands were most probably derived from non-T cells such as B lymphocytes and myeloid cells or lung macrophages and pneumocytes. These data indicate that in the PB Fig. 3 . Southern blot of size separated EcoRI DNA digests, hybridized samples at least three clonal T cell populations were present, with the JP2-probe. The control DNA is derived from a B cell leukemia assuming that each clone had rearranged both TcR-P2 gene with germline TCR-0 genes. The estimated mol. wt. of the strong alleles. Two of these clones were also found in BM, one of which rearranged bands and the germline band (G) are indicated. The weak was also probably present in the lung. The immunodeficient patient presented here is at present 8 yr old which is in contrast with the usual course of SCID (20) . The severe recurrent infections at multiple sites caused by a variety of pathogens including opportunists combined with the onset at the age of 5 months are typical of a profound primary immunodeficiency. The severe Ig deficiency, the inability to mount a humoral response on antigenic challenge, and the lack of in vitro response to PWM and SpA are compatible with a B cell disorder, whereas the initial absence of T lymphocytes, the lack of in vitro response to T cell mitogens and allogeneic irradiated MNC indicate a disturbance of the T cell system. The CID in this patient should be considered a primary immunodeficiency despite the absence of consanguinity or similarily affected cases among blood relatives, because no known immunosuppressive cause could be identified. Although the initial presentation of this case is compatible with SCID (2 I), the subsequent course is not.
Immunodeficiencies predispose to lymphoproliferative diseases. In general these proliferations are of B cell origin, but T cell lymphoproliferative disorders are common in ataxia telangiectasia. Therefore the development of oligoclonal T cell proliferations in our patient is suggestive of ataxia telangiectasia. However, the profound CID of early onset and the lack of neurologic signs and telangiectasia argue strongly against this diagnosis. In addition, T cell proliferations in ataxia telangiectasia generally show chromosomal abnormalities (2 l), which were not detected in this patient.
The T cells that appeared in this patient's PB from the age of 4 were CD8+, just like the lymphocytic infiltrates that developed in liver and lung. The clinical and pathologic findings in this case are reminiscent of those with lymphocytic interstitial pneumonia. a disease that is common among children who are immuhodeficient due to infection with ~1~:~~m~h o c y t i c interstitial pneumonia is characterized by diffuse infiltration of alveolar septa with lymphocytes (but in contrast to this case also with plasma cells), often forming primitive follicles (22) . The predominant lymphocytes in those infiltrates have been reported to be CD8+/CD4-T cells (23, 24) by some authors, but other authors have reported the presence of mainly B lymphocytes (25) . Pulmonary lymphoma could not be excluded on histologic grounds, but it is improbable in view of the clinical course.
Southern blot analysis indicated that in the PB samples at least three clonal T cell populations were present. In the pulmonary infiltrate a single T cell clone predominated, probably identical to one of the three T cell clones in PB. Clonality is not synonymous with malignancy and other patients with benign clonal T cell disorders (26) have been described. However, the finding by Southern blot analysis of multiple T cell clones in a single specimen is unusual (2 1, 27, 28) .
Transient monoclonal and oligoclonal paraproteins have been observed in primary immunodeficiencies and in secondary immunodeficiency states after allogeneic bone marrow transplantation and during pharmacologic immunosuppression (4, 5) . In patients receiving immunosuppressive agents polyclonal B cell proliferations occur that may resolve once immunosuppression is discontinued (6) . These lymphoproliferative states appear to be caused by EBV. In addition multiple B cell clones have been demonstrated in both immunocompetent (28) and immunosuppressed (7, 8) lymphoma patients. Although the mechanisms by which immunodeficiency predisposes to B cell lymphoproliferative disorders are not well understood, it is conceivable that failing T cell control allows inappropriate expansion of a few clones (29) . Animal studies support this model (30) . Although these clonal B cell proliferations may occasionally progress to malignant lymphoma, more seem to be transient or at least initially benign and reversible (3 1). In other instances failing T cell defence against EBV may allow virally infected cells to proliferate unchecked.
The emergence in our CID patient of clonal T cell populations might similarly be explained by failing immunoregulatory mechanisms. It is of interest in this respect that we also detected a clonal CD8+ T cell population in the PB of a kidney transplant recipient during immunosuppression (van Dongen JJM, unpublished data). In neither case could it be ascertained which, if any, antigen triggered these proliferations in the first place. If virally induced proliferation were to account for the oligoclonal T cell expansion, it remains unclear which virus might be responsible. EBV is only known to infect B cells and CD4+ cells (3 I ) and no EBV DNA could be detected in the pulmonary infiltrate. Even though HTLV-I may infect CD8+ cells (32), we have no data in support of HTLV-I infection. Yet another remote possibility, namely that the T cell clones were of maternal or blood transfusion donor origin, is rendered unlikely by the finding that the patient was HLA haploidentical with both parents at a time when the majority of PB MNC consisted of the CD8+ T cells. Thus far the clonal CD8+ populations in this CID patient and the above mentioned kidney transplant recipient have been present for 2 and 3 yr, respectively, without any sign of malignancy. We conclude that a benign oligoclonal CD8+ T cell proliferative disorder emerged in a CID patient giving rise to a lymphocytic interstitial lung infiltrate. Similar proliferations may also occur in other primary or acquired immunodeficiency states.
